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Regional Assessment of Pathophysiological Changes 
in Acute Cerebral Ischemia: 
Multiparametric Histochemical Study 
出＞o-HoK1M 
Department of Neurosurgery, Faculty of :¥frdicine, Krnto Un日げ白川
(Director: Prof. Dr. HAJIME HANDA) 
Regional changes of histochemical multiparameter凶 includingbrain mitochondrial redox 
state ('.¥ADH), ATP content, tissue pH (pH). tissue potassium (K+) and brain dopamine nerve 
terminals (DA) in the caudate nucleus were assessed in a various degree of experimental acute 
cerebral ischemia. Ischemia w山 producedby permanent or transient occlusion of the left 
common carotid artery for various duration in normally fed mongolian gerbils. The degree of 
ischemia wa' evaluated by the severity of neurological symptom人andanimals were classified into 
three groups; symptomatic, borderline and asymptomatic. 
The changes of each parameters on the ligated side were well corresponded to the degree of 
ischemia. However司regionaldifferences were observed among these parameters. In 5 minutes 
and 60 minutes of occlusion, there were three different types of ischemic changes; (1) acidosis with 
marked increase of :¥AD H and depletion of ATP司（2)acidosis with mild increase of NADH 
and no depletion of ATP, (3) acidosis without changes of '.¥JADH and ATP. Acidosis extended 
wider than areas of NADH and ATP changes. These d1仔erencesmight be caused by facilitated 
anaerobic glycolysis in acute stage of ischemia. In 180 minutes occlusion of symptomatic gerbils 
on the other hand, the acidotil、areaw：ι1,. almost consistent with the area' of :¥ADH and 人TP
changes with marked depletion of tissue k十 There'<ults might indicate that mild ischemic 
changes of energy metabolism uι・n・ exacerbated by brain edema in symptomatic group in spite 
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of recovery in borderline group. 
In transient ischemia, symptoms and changes of parameters recovered with residual 
acidosis in 60 minutes reperfusion after 60 minutes of ischemic insult. On the other hand the 
black area on NADH fluorescence was noted with depletion of ATP and tissue K+ and persistent 
acidosis in the hippocampus, thalamus and caudate nucleus in 60 minutes of reperfusion a丘er
180 minutes of ischemic insult. These tissue damage and disturbance of energy metabolism 
might be related to the postischemic hyperoxidation. 
DA fluorescence in the caudate nucleus on the ligated side decreased heterogeneously in acute 
stage of ischemia. Preservation of DA fluorescence was noted around the small vessels with thick 
walls, probably arterioles. The heterogeneity was more apparent in borderline group of 60 
minutes occlusion and in 5 minutes occlusion of the symptomatic group. This heterogeneity of 
DA might be due to the difference of perfusion pressureはtthe microcirculation in the acute stage 
of incomplete cerebral ischemia. 
The present study indicates the importance of multiparametric regional study to elucidate 




















































































Preparation of the animal ( mongolian gerbil) 
or occlusion of the left common carotid artery 
transient 
J neurological ol Observation of symptoms 
freeze the brain in situ 












? ． ????．???．??．????? ?? ?．』?????， ．??????? by histochemical methods 
Microscopic observation of dopaminergic nerve terminal 
in the caudate nucleus by Falck-Hillarp method 




尚， f手々の閉塞時間例につき 3匹ずつの gerbilを
用い，総頚動脈の剥離のみを行ない5分， 60分， 180分










ニコン FE,Medicar Nikkor, Kodak techical pan五Im
2415を使用し，一定条件下加で行なった．
3. ATPの局所分布
NADH 告を光を観察した I乞 luciferine-1uciferase 
法32＞により ATPの分布を定性的に観察した． Cr" 
ostat (American Optical Co. ）にて凍結脳切片を薄切し
(16μm），固定液（80%absolute ethanol, 10% formal 






脳局所の組織 pH は umbelliferone 法•·11'57>60）によ
り半定定的lζ判定した30）.あらかじめ umbelliferone
(7・hydroxycoumarin東京化成工業）で飽和させたセル































group 2匹， Borderlinegroup 2匹， Asymptomatic
group 1匹において autoradiographyによる rCBFの
測定を行なった．左総頚動脈結染後の神経症状を観察
し，属殺1分前に 1'C-antipyrine7.5 μCi/0.1 ml，ある


























Borderline group 10匹， Asymptomaticgroup 14匹に
分類された．
1) Symptomatic group I Fig. 2-A, B, C) 
全例において， 結紫側大脳半球 lζ 広汎で高度の
NADH 後光増強を認めた．増強部位は，結紫仮ljの
temporal cortex, lateral parietal cortex, occipital cor-















IC.対する acidosisの割合は， manualplanimetry によ
る測定の結果103-114%(Fig.2-A 113劣， Fig.2 B 
105第）であり，全例で NADH鐙光増強範囲よりも
acidosisのほうが広範囲であった．一方，非結穀側半
球の cortexでの pH値は， 7.0ー 7.2であり脳室の髄
液はさらに高値を示し約7.4であった．これらの値は
諸家の報告と一致していた8山







Fig. 2. Symptomatic gerbil 60 min after left carotid occlusion. Mulliparametric study 
of ultraviolet reflectance (UV) N ADH fluorescence (N ADI-I), content of ATP 
(ATP), tissue pH (pH), tissue potassium (K +) on different levels (A, B) and do-
pamine (DA) nerve terminals in the caudate nucleus (C，×40). 






























3) Asymptomatic group (Fig. 4) 








Fig. 3. Borderline gerbil 60 min after left carotid occlusion. A, B，仁； sameas in Fig. 2. 
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Fi昌・ 4. Asymptomatic gerbil 60 min. after left carotid occulsion, multiparametric 'tudl' 
された．すなわち Symptomaticgroup に相当する例
6匹， Borderlinegroup に相当する例3匹， Asympto・
matic group k相当する例4匹であった．
























3) Asympto口 iti《； group
NADH，λTP, pH, DAの変化はJ出めなかった．
J. 180分閉塞例
21[1~中山·mptomatic 9匹， Borderline5匹， A引 Ill
ptomatic 7匹に分類された．







































caudate nucleusの DA神経終末後光は， 60分閉塞
例と同様の不均一減弱像を示したが，減弱範囲が狭く
より軽度な変化が見られた（Fig.8-B). 
3) Asymptomatic group 











Fig. 5B, C. 
Fi邑・ 5. Gerbil 5 min. after left carotid occlusion, corresponding to sympyomatic group 








部やcaudatenucleus (Fig. 10-A）あるいは hippocam-
pus (Fig. 10-B）に暗い部分が認められた.NADH鐙
光でも結鉄側のcaudatenucleus, hippocampusやtha-























Fig. 6. Gerbil 5 min. after left carotid occlusion, corresponding to borderline group 
A; multiparametric study B; DA terminals （×40) 
s, mptomatic group では， 180分間塞例で結紫側
大脳半球の内側で非虚血部との境界領域に帯状の神経
網空胞化を認めた．乙の空胞帯の外側I~血巣で，特lと























































れ， 60分閉塞例の symptomatic,borderline, asympt-
omaticの各クツレープに相当していた．























Fig. 8. Borderline gerbil 180 min. after left carotid occlusion A; multiparametric study 



















































































が3,Sぢ，血液の pH が7,4，組織 pH が6.6という
仮定のもとに算出される細胞外pH値は5,95となる．
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Fig. 11. Autoradiograms of regional cerebral blood flow (rCBF) with 1251-isopropyliodo-
amphetamine in symptomatic gerbil (A) and boderline gerbil (B) 60 minutes 
after left carotid occlusion 
な意味でいわゆる“ischemicpenumbra，，に一致する






































































































































近年， positronemission CTや NMRCT
が開発さ











































































小暮は35', Opitzや Thewの脳組織毛細血管の酸素 5. 脳虚血の局所病態変化を各種指標による組織化




















じ， I ) acidosisと高度の NADH増加及び ATP減
少を生じた部分，日） acidosis lこ軽度の NADH増加
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